WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 


(11) International Publication Number: 

WO 99/23435 

F28D 9/00, F02C 7/08 

Al 

(43) International Publication Date: 

14 May 1999 (14.05.99) 


(21) International Application Number: PCT/US98/23269 

(22) International Filing Date: 30 October 1998 (30.10.98) 


(30) Priority Data: 

08/964,327 


5 November 1 997 (05 . 1 1 .97) US 


(71) Applicant: SOLAR TURBINES INCORPORATED [US/US]; 

2200 Pacific Highway, P.O. Box 85376, San Diego, CA 
92186-5376 (US). 

(72) Inventors: ERVJN. Douglas, R.; 3 Roth Court. Metamora. IL 
V '~'*" 61548 (US). GRIGSBY, Thomas, L.; 3205 Coral Ridge, 

League City, TX 77573 (US). HOI.MAN, Leonard; 614 
Penelope Drive, Chula Vista, CA 91910 (US). 

(74) Agents: CAIN, Larry, G. et al,; 100 N.E. Adams Street, Peoria, 
IL 61629-6490 (US). 


(81) Designated States: CN. JP, KR, European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, FR, GB. GR, IE, IT, LU, MC, NL, 
PT. SE). 


Published 

With international search report. 


(54) Title: IMPROVED METHOD FOR MAKING A RECUPERATOR CELL 



(57) Abstract 


[;.i. ir t*tU\ Www 


ini^aui ines 


urt (!l -r hr;it r\rlun>vr or rec upt'rato: ioi. the : linalitv .elis < " * t:..i>; or m.i^uhk uik\ 
ipphration of tne ur.:tdiy "L"' bdr i28> ana die uinui> piuiin..i> *~i ^ 
to withstand these loads, cycles and stresses. Thus, the stress at individual ends (36) is made stronger with the unitary "I"" tor (28; veryus 
using a plurality of individual components to make up the "U" bar i'28). Additionally, the use of fewer parts reduce.^ cost cf components 
jnd labor to assemble the plurality of cells (S) 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spain 

AM 

Armenia 

FI 

Finland 

AT 

Austria 

FR 

France 

AU 

Australia 

CA 

Gabon 

AZ 

Azerbaijan 

GB 

Untied Kingdom 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

BB 

Barbados 

GH 

Ghana 

BE 

Belgium 

GN 

Guinea 

BK 

Burkina Faso 

GR 

Greece; 

BG 

Bulgaria 

HI 

Hungary 

BJ 

Benin 

IE 

Ireland 

BR 

Brazil 

IL 

Israel 

BY 

Belarus 

IS 

Iceland 

CA 

Canada 

IT 


Ch 

Central African Republic 

JP 

Japan 

cr; 

<: v-.pn 

KF 

Kenya 

{ i 


k/ 


t / 

C /rth Kr,i.bl * 

I (' 

>a:nt Luc t:\ 

l>t 

Germany 

LI 

LirchteriMor. 

I)K 

Denmark 

IK 

Si i Kink a 


tsionia 

LR 

Liberia 


I.S 

Lesotho 

SI 

Slovenia 

LT 

Lithuania 

SK 

Slovakia 

LI" 

Luxembourg 

SN 

Senega'. 

LV 

Latvia 

sz 

Swaziland 

MC 

Monaco 

TD 

Chad 

MD 

Republic of Moidova 

TG 

Togo 

MG 

Madagascai 

TJ 

Tajikistan 

MK 

The former Yugoslav 

TM 

Turkmenistan 


Republic of Macedonia 

TR 

Turkey 

ML 

Mali 

TT 

Trinidad and Tobago 

MN 

Mongol 11 

UA 

Ukraine 

MR 

Mauritania 

VG 

Uganda 

MW 

Malawi 

US 

United States of America 

MX 

Mexico 

uz 

Uzbeki«an 

NF, 

Ntgrr 

VN 

Viet Nam 

M 

Netherlands 

YU 

Yuposlavia 

Ki> 




Kl 

Ku'.^ ai l-eJcr;it) r. 



SI > 

Su^an 



SF 

Swrdcn 



SG 

Stigapt" e 




WO 99/23435 PCT/US98/23269 


Description 

TMPROVEP METHOD FOR MAKING A RECUPERATOR CELL 

5 

Technical Field 

This invention relates generally to a 
primary surface heat exchanger and more particularly 
to a method of making a plurality of cell used to form 
10 the primary surface heat exchanger . 

Rackamund Art 

Many gas turbine engines use a heat 
exchanger of recuperator to increase the operation 
15 efficiency of the engine by extracting heat from the 
exhaust gas and preheating the combustion air. 
Typically, a recuperator for a gas turbine engine must 
be capable of operating at temperatures of between 
about 500 degrees C. and 800 degrees C. and internal 
20 pressures of between approximately 140 kPa and 1400 
kPa under operating conditions involving repeated 
starting and stopping cycles. 

Such recuperators include a core which is 
commonly constructed of a plurality of relatively thin 
25 flat sheets having an angled or corrugated spacer 

fixedly attached therebetween. The sheets are joined 
into cells, sealed and form passages between the 
sheets. These cells are stacked or rolled and form 
alternate air (recipient) cells and hot exhaust 
30 (donor) cells. Compressed discharged air from a 

compressor of the engine passes through the air cell 
while hot exhaust gas flows through alternate cells. 


ti r r. 
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An example such a recuperator is disclosed 
in U.S. patent No. 5,060,721 issued to Charles T. 
Darragh on 29 October 1991. In such a system, Darragh 
discloses a heat exchanger having been used to 
5 increase the efficiency of engine by absorbing heat 
from the exhaust gases and transferring a portion of 
the exhaust heat to the combustion air. The heat 
exchanger is built-up from a plurality of performed 
involute curved cells stacked in a circular array to 
10 provide flow passages and for the donor fluid and the 
recipient fluid respectively. 

Recuperators used with gas turbine engines 
have structures in which very high stresses are 
induced. For example, recuperators must operate at 
15 temperatures of between about 500 degrees C. and 800 
degrees C. and internal pressures of between 
approximately 14 0 kPa and 14 00 kPa . Under normal 
operating conditions repeated starting and stopping 
cycles are common. Many of the starts are considered 
to be hot starts. With the hot donor fluid being at a 
temperatures of between about 500 degrees C. and 800 
degrees C. and the recipient fluid being near an 
atmospheric temperatures of between about 0 degrees C. 
and 60 degrees C, the thermal difference or gradients 
25 experienced by the recuperator is extremely high. 

Thus, the thermal stress induced in also extremely 
high . 

The present invention is directed to 
overcoming one or more of the problems as set forth 
30 above. 

Disclosurp of the Invention 
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primary surface sheets. Each of the pair of primary 
surface sheets has a donor side and a recipient side, 
a base edge defining a pair of ends, an outer edge 
being spaced from the base edge and defining a pair of 
ends, and a pair of extension edges extending between 
the respective pair of ends. Each of the pair of 
primary surface sheets further has a center portion 
extending between the base edge and the outer edge and 
has a wing portion interposed the center portion and 
each of the pair of extension edges. A plurality of 
spacer bars has one of the plurality of spacer bars 
positioned at the outer edge on the donor side of one 
of the pair of primary surface sheets and another one 
of the plurality of spacer bars positioned at the base 
15 edge on the donor side of the same one of the pair of 
primary surface sheets. Each of the plurality of 
spacer bars is of a unitary construction. A "U" bar 
is positioned along the outer edge and the pair of 
extension edges on the recipient side of the one of 
the pair of primary surface sheets. The "U" bar is 
of a unitary construction. A pair of guide strips are 
positioned within the wing portion on the recipient 
side of the one of the pair of primary surface sheets. 
A second one of the pair of primary surface sheets has 
25 one of the plurality of spacer bars positioned at the 
outer edge on the donor side of one of the pair of 
primary surface sheets and another one of the 
plurality of spacer bars is positioned at the base 
edge on the donor side of the same one of the pair of 
30 primary surface sheets. Each of the plurality of 

spacer bars is of a unitary construction. The second 
one of the primary surface sheets is positioned 
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positioned within the wing portion on the donor side 
of the second one of the pair of primary surface 
sheets. 

In another aspect of the invention, a cell 
is comprised of a pair of primary surface sheets. 
Each of the primary surface sheets have a base edge 
defining a pair of ends, an outer edge being spaced 
from the base edge and defining a pair of ends, and a 
pair of extension edges extending between the 
respective pair of ends. Each of the primary surface 
sheets further have a center portion extending between 
the base edge and the outer edge and have a wing 
portion interposed the center portion and each of the 
pair of extension edges. The cell is further 
15 comprised of a spacer bar positioned along the base 

edge and have a length corresponding to the base edge 
of the center portion. The spacer bar is of a unitary 
construction. The cell is further comprised of a »U» 
bar positioned along the outer edge and the pair of 
extension edges. The "U» bar is of a unitary 
construction . 


20 


R-Hpf Descr i ption o ^ t-h P Drawings 

FIG. 1 is a sectional view of a heat 
25 exchanger of recuperator embodying the present 
invention ; 

FIG. 2 is an enlarged sectional view of a 
cell taken along line 2-2 of FIG. 1; 

FIG. 3 is an enlarged cross - sect ional view 
30 of the cell taken along line 3-3 of FIG. 1 showing the 
recipient side of the cell; 

FIG. 4 is an enlarged cross-sectional view 
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FIG. 5 is an enlarged cross-sectional view 
taken along line 5-5 of FIG. 3; 

FIG. 6 is profile view of a single piece "U" 

bar; and 

FIG. 7 is an enlarged cross-sectional view 
taken along line 7-7 of FIG. 6. 

Best Mode for Carrying Ou t the Invention 

Referring to FIGS. 1, 2 and 3, a heat 
exchanger or recuperator 6 includes a plurality of 
individual cells 8 fixedly attached to form the 
recuperator 6 which in this application has a circular 
construction. The recuperator 6 defines an inner 
diameter 10 and an outer diameter 12. The plurality 
of cells 8 are formed and have either a passage 14 for 
donor fluid to flow therethrough contacting a donor 
side 16 or a passage 18 for recipient fluid to flow 
therethrough contacting a recipient side 20. The 
passage 14,18 are alternately positioned within the 
circular recuperator 10. In this application, each of 
the plurality of cells 8 have an involute 
configuration. Each of the plurality of individual 
cells 8 is formed of a pair of primary surface sheet 
22 and a pair of guide strips 24. As best shown in 
FIGS 3, 4 and 5, each of the plurality of individual 
cells is further formed of a plurality of spacer bars 

26 and a "U" bar 28. 

In this application, the pair of primary 
surface sheets 22 are generally identical in 
configuration. Each of the pair of primary surface 
sheets 22 includes a base edge 3 0 having a 
preestablished length defining a pair of ends 32. The 
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base edge 30. The outer edge 34 is defined on each of 
Che pair of primary surface sheets 22 has a 
preestablished length and defines a pair of ends 36 
positioned opposite the base edge 30. In this 
application, the outer edge 34 is generally parallel 
with the base edge 3 0 and has the preestablished 
length being less than the preestablished length of 
the base edge 30. Extending between the base edge 3 0 
and the outer edge 34 and connecting corresponding 
ones of the pair of ends 32,3 6 are a pair ol extension 
edges 38. Each of the pair of primary surface sheets 
22 includes a center portion 40 extending between the 
base edge 3 0 and the outer edge 34. Interposed the 
center portion 4 0 and each of the pair of extension 
15 edges 38 is a wing portion 42. In this application, 
the center portion 4 0 has a generally rectangular 
configuration and the wing portions 42 have a 
generally triangular configuration. The center portion 
40 includes a plurality of pleats 44 defining a peak 
20 46 and a valley 48 and the wing portions 42 are flat 
or have been flattened, void of the peaks 4 6 and 

valleys 48. 

Additionally, the pair of guide strips 24 
positioned on each of the donor side 16 of the cell 8 
25 and the recipient side 20 of the cell 8. The pair of 
guide strips 24 have a distinct geometric 
configuration which in this application is of a 
different configuration or construction depending on 
which side the cell 8 the pair of guide strips 24 are 
positioned. For example, in this application, the 
guide strip 24 used in conjunction with the donor side 
16 and the recipient side 20 have a generally common 


30 
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thereof defines an axial portion 56 which extends from 
the height 52. A first extension member 58 extends 
from the axial portion 56 and a top portion 60 extends 
axially from the extension member 58. The top portion 
60 is generally parallel with the axial portion 56 and 
a second extension member 62 extends from the top 
portion 6 0 toward a second repletion of the axial 
portion 56 etc. However, the guide strips 24 for the 
recipient side 20 when viewed through a cross-section 

. , t ,viai nnrh ^ nn Rn pxtRtitiina from the 

Llieieui uciiiico tin i*.**.*.**^. • -- - - 

base 50. A first extension member 82 extends from the 
axial portion 80 and a top portion 84 extends axially 
from the first extension member 82. The top portion 
84 is generally parallel with the axial portion 80 and 
15 a second extension member 86 extends from the top 
portion 84 toward a second repletion of the axial 

portion 80 etc. 

As further shown in FIGS. 3, 4 and 5, the 
plurality of spacer bars 26 are made of a first 
preestablished thickness "Tl" and a second 
preestablished thickness "T2" being greater than that 
of the first preestablished thickness "Tl" . Such that 
the outer faces of the plurality of spacer bars 26 
have a distance therebetween being equal to the 
25 distance therebetween the pair of peaks 46 of the 

corresponding plurality of pleats 44. Furthermore 
the plurality of spacer bars 26 vary in length. The 
spacer bars 26 having the first preestablished 
thickness "Tl" are positioned near the outer edge 34 
on the donor side 16 of the pair of primary surface 
sheets 22. The spacer bars 26 having the second 
preestablished thickness "T2" being positioned near 
... ; ' ~h<~ r°-:vier.t side 2 0 of the pair 
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that of the second preestablished thickness "T2" and, 
in this application, is positioned on the recipient 
side 20 of the pair of primary surface sheets 22. 
Thus, the "U" bar 28 has a preestablished thickness 
5 "T2" and a preestablished width "W" , as is best shown 
in FIG. 7. In this application, the "U" bar 28 is as 
thick as the second preestablished thickness "T2" of 
the spacer bars 26 and is about twice the thickness as 
the first preestablished thickness "Tl" of the spacer 
10 bars 26. The "U" bar 26 further includes a base 90 

and a pair of legs 92 extending from the base 90. The 
pair of legs 92 define a first end portion 94 having a 
preestablished configuration and a second end portion 
96 attached to the base 90. Interposed the base 90 
15 and the second end portion 96 of the pair of legs 92 
is a radiused portion 98 forming a uniform transition 
between the base 90 and the pair of legs 92. In this 
application, the pair of legs 92 join with the base 90 
and extend therefrom at an included angle of about 10 5 
degrees. The first end portion 94 is cut or trimmed 
to form an angled end 100. In this application, the 
angled end 100 is about 15 degrees. However, as an 
alternative the angled end 100 could be other than a 
15 degree angle and could be a 90 degree angle or a 

25 square end. 

In this application, the individual cells 8 
have a passage 18 for the recipient fluid to flow 
therethrough. The passage 18 of the individual cells 
form an inner perimeter 110 and an outer perimeter 
112. The inner perimeter 110 includes one of the 
plurality of spacer bars 26 having the second 
preestablished thickness "T2" and being a single 

■ , T . ^ ^ ^ ; ^^^^ b ot ~ v;eer. trh° *~w' 
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perimeter 110 is sealingly secured, in this 
application by welding. The welding process further 
sealingly secures the one of the plurality of spacer 
bars 26 positioned on the donor side 16 of the two 
primary surface sheets 22 at the base edge 30 between 
the pair of ends 32. The outer perimeter 112 includes 
the "U" bar 28 being a single unitary bar. The "U" 
bar 28 is positioned between the two primary surface 
sheets 22 along the pair of extension edges 3 8 and the 
outer edge 34. The outer perimeter 112 is sealingly 
secured, in this application by welding. The welding 
process further sealingly secures the one of the 
plurality of spacer bars 26 positioned on the donor 
side 16 of the two primary surface sheets 22 at the 

outer edge 34. 

In this application, the cells 8 are formed 
by a fixture, not shown. The fixture positions the 
components of the cell 8, forms the components and 
maintains the components in a preestablished position 
and form while the components are fixedly secured one 
to the other. As an alternative, the components of 
the cell 8 could be formed prior to being positioned 
and fixedly secured. Or, as a further alternative, 
the components of the cell 8 could be positioned and 
fixedly secured prior to being formed. 

Industrial App licability 

During the fixturing and forming of the cell 
8, the relative components are positioned. One 
example of such a fixturing would be as follows, with 
the components parts in the unbent form, one of the 
primary surface sheets 22 is positioned with the donor 
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is positioned along the base edge 30. Another one of 
the plurality of spacer bars 26 having the first 
preestablished thickness "Tl" and the length 
corresponding to the length of the outer edge 34 is 
5 positioned along the outer edge 34. Next, a portion 

of the base edge 30 of the primary surface sheet 22 is 
welded to the one of the plurality of spacer bars 26 
positioned along the inner edge 30. And, the outer 
edge 34 of the primary surface sheet 22 is tack welded 

10 to the another one of the plurality of spauex bars 26. 

The primary surface sheet 22 with one of the plurality 
of spacer bars 26 attached at the outer edge 34 and 
the base edge 30 is rotated to position the recipient 
side 20 up. And, the pair of the guide strips 24 

15 having the axial portion 80 extending from the base 50 
is positioned in each of the wing portions 42. And, 
the "U" bar 28 having the thickness "T2" is positioned 
with the base 90 corresponding to the outer edge 34 
and each of the pair of legs 92 corresponding to the 

20 respective pair of extension edges 38. At this point, 
the additional components are tack welded or attached 
to the recipient side 20 of the primary surface sheet 
22 . 

Next, an additional one of the primary 
25 surface sheet 22 is positioned symmetrically about the 
existing one of the primary surface sheet 22 with the 
recipient side 20 down and the donor side 16 up. Thus, 
recipient sides 20 face one another. One of the 
plurality of spacer bars 26 having the first 
30 preestablished thickness "Tl" and the length 

corresponding to the length of the base edge 30 is 
positioned along the base edge 30. Another one of the 
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positioned along the outer edge 34 . The component 
parts are tacked. The components of the one of the 
plurality of cells are placed in a fixture, formed to 
an involute and welded. As a further alternative, the 
5 components parts could be formed prior to being 

positioned within the fixture. And, the pair of the 
guide strips 24 having the axial portion 56 extending 
from the height 52 is positioned in each of the wing 
portions 42. The pair of guide strips 24 is, in this 
10 application, tacked. As an alternative the pair of 
guide strips 24 could be attached by other 
conventional methods such as an adhesive. 

In the welding of the cell 8, a portion of 
the edges are welded and a portion of the edges are 
15 free of weld. For example, the weld begins at one of 
the pair of ends 32, continues along one of the pair 
of extension edges 28, continues along the outer edge 
34 and continues along the other of the pair of 
extension edges 28 to the other of the pair of ends 
20 32. Another weld extends along the base 30 of the 
center portion 40. The base 30 along the wing 
portions 42 has each of the plurality of spacer bars 
26 having the first preestablished thickness "Tl" on 
the donor side 16 attached to the corresponding one of 
25 the primary surface sheets 22. The space or portion 
of the passage 14 between the primary surface sheets 
22 having the guide strips 24 therein and 
corresponding to the base 50 is free of weld. This 
passage 14 provides the flow path for the recipient 
30 fluid into and along the wing portion 42, along the 
center portion 40 and passing along the wing portion 
42 and escaping therefrom. 
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the outer diameter 12. And, the corresponding 
plurality of spacer bars 26 having the first 
preestablished thickness "Ti" and being attached to 
the donor side 16 of the primary surface sheets 22 of 
5 the cells 8 are welded along the base edge 3 0 from one 
of the pair of ends 32 to the other pair of ends 32. 
Additionally, the corresponding plurality of spacer 
bars 26 having the first preestablished thickness "Tl" 
and being attached to the donor side 16 of the primary 
10 surface sheets 22 of the cells S are welded dluny the 
outer edge 3 0 from one of the pair of ends 3 6 to the 
other of the pair of ends 36. This operation 
continues until each of the cells 8 are sealingly 
connected one to the other forming the passage 14 for 
15 the flow of donor fluid and the passage 18 for the 
flow of recipient fluid. For example, the space or 
portion of the passage 18 between the primary surface 
sheets 22 having the guide strips 24 therein and 
corresponding to the base 50 provides the flow path 
20 for the recipient fluid. The recipient fluid flows 
into and along the wing portion 42, along the center 
portion 4 0 and passes along the wing portion 42 and 
escapes therefrom. And, the space between the 
corresponding one of the pair of extension edges 3 8 of 
25 the individual primary surface sheets 22 of the cell 8 
corresponding to the hypotenuse 54 provides the 
passage 14 for the flow of the donor fluid. The doner 
fluid flows into and along the wing portion 42, along 
the center portion 40 and passes along the wing 
30 portion 42 and escapes therefrom. 

The recuperator 6 has a structure in which 
very high stresses are induced. For example, the 
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and 1400 kPa under operating conditions involving 
repeated and rapid starting and stopping cycles. With 
the hot donor fluid being at a temperatures of between 
about 500 degrees C. and 700 degrees C. and the 
recipient fluid being near an atmospheric temperatures 
of between about 0 degrees C. and 6 0 degrees C, the 
thermal difference experienced by the recuperator 6 is 
extremely high resulting in the thermal stress induced 
therein also being extremely high. With the "U» bar 
2 8 being a single unitary bar or a continuous bar, 
verses a segmented bar, this stress is better resisted 
increasing the life and longevity of the recuperator 
6 . 
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Claims 


10 


15 


20 


25 


30 


1. A recuperator (6) being formed by a 
plurality of cells (8), each of said plurality of cell 

(8) comprising: 

a pair of primary surface sheets (22) , each 
of said pair of primary surface sheets (22) having a 
donor side (16) and a recipient side (20), having a 
base edge (30) defining a pair of ends (32), an outer 
edge (34) being spaced from said base edge (30) and 
defining a pair of ends (36) , and a pair of extension 
edges (38) extending between said respective pair of 
ends (32,36), each of said pair of primary surface 
sheets (22) further having a center portion (40) 
extending between said base edge (30) and said outer 
edge (34) and having a wing portion (42) being 
interposed said center portion (40) and each of said 
pair of extension edges (3 8) ; 

a plurality of spacer bars (26), one of said 
plurality of spacer bars (26) being positioned at said 
outer edge (34) on said donor side (16) of one of said 
pair of primary surface sheets (22) and another one of 
said plurality of spacer bars (26) being positioned at 
said base edge (30) on said donor side (16) of said 
same one of said pair of primary surface sheets (22) , 
each of said plurality of spacer bars (26) being of a 
unitary construction; 

a "U" bar (28) being positioned along said 
outer edge (34) and said pair of extension edges (38) 
on said recipient side (20) of said one of said pair 
of primary surface sheets (22), said »U" bar (28) 
being of a unitary construction; 
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(20) of said one of said pair of primary surface 

sheets (22) ; 

a second one of said pair of primary surface 
sheets (22) having one of said plurality of spacer 
5 bars (26) being positioned at said outer edge (34) on 
said donor side (16) of one of said pair of primary 
surface sheets (22) and another one of said plurality 
of spacer bars (26) being positioned at said base edge 
(30) cn said donor side (16) of said same one of said 
10 pair of primary surface sheets (22), each of said 
plurality of spacer bars (26) being of a unitary 

construction; 

said second one of said primary surface 
sheets (22) being positioned symmetrically about said 
15 one of said primary surface sheets (22), said 

recipient side (20) being positioned facing one 
another; 

and a second pair of guide strips (24) being 
positioned within said wing portion (42) on said donor 
20 side (16) of said second one of said pair of primary 
surface sheets (22) . 

2. The recuperator (6) of claim 1 wherein 
each of said plurality of cells (8) further define a 

25 flow passage (14,18) having an inner perimeter (110) 
and an outer perimeter (112), said inner perimeter 
(110) being formed by said pair of primary surface 
sheets (22) and said unitary spacer bar (26) and said 
outer perimeter (112) being formed by said pair of 

30 primary surface sheets (22) and said unitary «U« bar. 

3. The recuperator (6) of claim 2 wherein 
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said unitary spacer bar (26) and said pair of primary 
surface sheets (22) and said unitary »U" bar (28). 

4. The recuperator (6) cf claim 3 wherein 
said sealing formed by welding includes a continuous 
weld along said inner perimeter (110) and a continuous 
weld along said outer perimeter (112) . 

5. The recuperator (6) of claim 1 wherein 


s 


aid recuperator (6) has a circular connguxaLiuu 


defining an inner diameter (10) and an outer diameter 
(12) . 

6. The recuperator (6) of claim 5 wherein 
said inner diameter (10) is formed by each of said 
plurality of cells (8) being welded one to the other 
along said base edge (30) . 

7. The recuperator (6) of claim 5 wherein 
said outer diameter (12) is formed by each of said 
plurality of cells (8) being welded one to the other 
along said outer edge (34) . 

8. The recuperator (6) of claim 1 wherein 
each of said plurality of cells (8) include a guide 
strips (24) positioned in said wing portion (42) . 

9. The recuperator (6) of claim 1 wherein 
said plurality of cells (8) are attached by welding. 

10. A cell (8) comprising: 

a pair cf primary surface sheets (22) , each 
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pair of ends (36) , and a pair of extension edges (38) 
extending between said respective pair of ends 
(32,36), each of said primary surface sheets (22) 
further having a center portion (4 0) extending between 
said base edge (30) and said outer edge (34) and 
having a wing portion (42) being interposed said 
center portion (40) and each of said pair of extension 

edges (38) ; 

a spacer bar (26) being positioned along 
said base edge (ju) and having a length corresponding 
to said base edge (30) of said center portion (40) , 
said spacer bar (26) being of a unitary construction; 
and 

a "U" bar (28) being positioned along said 
outer edge (34) and said pair of extension edges (38), 
said "U" bar (28) being of a unitary construction. 

11. The cell (8) of claim 10 wherein said 
cell (8) further defines a flow passage (14,18) having 
an inner perimeter (110) and an outer perimeter (112), 
said inner perimeter (110) being formed by said pair 
of primary surface sheets (22) and said unitary spacer 
bar (26) and said outer perimeter (112) being formed 
by said pair of primary surface sheets (22) and said 

5 unitary ,r U M bar. 

12. The cell (8) of claim 11 wherein said 
flow passage (14,18) formed within said cell (8) being 
sealingly formed by welding said pair of primary 
surface sheets (22) and said unitary spacer bar (26) 
and said pair of primary surface sheets (22) and said 
unitary "U" bar (28) . 
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along said inner perimeter (110) and a continuous weld 
along said outer perimeter (112) . 

14. The cell (8) of claim 10 wherein said 
5 cell (8) has an involute configuration. 

15. The cell (8) of claim 10 wherein a 
guide strips (24) being positioned in said wing 
portion (42) . 

10 

16. The cell (8) of claim 10 wherein said 
"U" bar has a preestablished thickness "T2" . 

17. The cell (8) of claim 16 wherein said 
15 spacer bar (26) has a preestablished thickness "Tl" 

being about half as thick as said preestablished 
thickness n T2" of said "U n bar (28) . 

18. The cell (8) of claim 10 wherein each 
20 of said pair of primary surface sheets (22) define a 

donor side (16) and a recipient side (18) . 

19. The cell (8) of claim 18 wherein said 
recipient side (18) of each pair of primary sheets 

25 (22) face each other. 

20. The cell (8) of claim 18 wherein said 
donor side (16) having a space bar (26) sealingly 
attached at said inner edge (30) extending from said 

30 pair of ends (32) and an other of said spacer bars 

(26) being sealingly attached at said outer edge (34) 
extending from said pair of ends (36) . 
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